Buildings are now complex systems that traditionally have been studied in an isolated mode, seeking to respond to a specific need and dealing with a restricted set of variables. The targets established for energy efficient buildings and energy sustainability imply that these new systems are now more comprehensive and combine various independent systems. This new topology requires a new kind of engineering professionals trained in a more integrative and collaborative way. These new engineering professionals need to have not only expertise in a specific area, but also more comprehensive proficiencies that allow them to understand how to integrate their particular project into a wider functional system, and to communicate with experts from different areas. This paper addresses some challenges and issues posed to Higher Education institutions on the educational paradigms of future engineering professionals and proposes the ZELab teaching / research space as an integrative educational tool.
INTRODUCTION
Every nation's development has historically been based on energy consumption. High population of developing countries causes a faster growth than that of already developed ones. This means that when these countries want to reach a higher state of development, the amount of energy and resources needed are enormous. In addition, huge amounts of effluents, as well as of waste, will be created leading to a need to use much cleaner and more efficient technologies, to reduce the negative impacts caused in the environment. Thus, strategic planning is fundamental to achieve a sustainable growth.
Energy needs can no longer be only based on fossil energy, due to scarcity and environmental issues. Consequently, the associated emissions and environmental impacts are driving scientists and decision makers towards both a new model of development, based on renewable energy systems, as well as on higher energy efficiency. However, both have brought new challenges. This is the • intrinsic unpredictability that is characteristic of a significant part of renewable energy sources, imposing that only a low share of renewable energy is used, since the present electric paradigm is based in control;
• new appliances that have higher efficiency but are now nonlinear loads, because of the introduction of electronic controllers, causing a negative impact on the electric energy quality.
These examples show that renewability does not necessarily mean sustainability. Every new solution that has the advantage of being environmentally friendly also brings new problems that need solutions [1] . On the other hand, the non-renewable energy cannot be considered the cause of all problems, as its total elimination from the current energy system cannot be achieved without a deep change of both human behavior and of the energy system performance. The whole system has to be analyzed in a life cycle thinking perspective, where non-renewable energy sources must be considered as one essential piece to supply the failures of the renewable sources, and all the appliances that are developed to reduce the energy consumption are submitted to deep analysis of their impacts. Thus, this new model of development relies on a new class of environmental and engineering professionals, who are able to relate their particular expertise with all the other surrounding areas and, at the same time, understand the impacts of such systems. This paper addresses some challenges and issues posed both to teachers and students who will become engineering professionals and presents the Zero Energy Laboratory (ZELab), a laboratory specifically designed for students to train multi-collaborative work, as it would be the case of the Nearly Zero Energy Building (NZEB) design.
TRADITIONAL HIGHER EDUCATION
Higher education is considered an essential factor for the future success of people in modern society [3] . Its importance is well recognized despite the high cost it assumes for each country. Indeed, the number of people with this level of education has increased dramatically over the past 50 years. This increase in the number of students has, however, brought new challenges not only to national economies but also to educational systems [4] . In fact, more traditional and teacher-centered methodologies have proved to be inefficient when applied massively [5] . This unacceptable situation led not only to an adjustment in teaching strategies, but also to a greater focus on students and teaching / learning methodologies [6, 7] . The Bologna process brought with it a reorganization within universities to improve educational resources, [8] but also a tendency to shorten the duration of degrees and to focus them on a very limited area of knowledge [9, 10] . This was done aiming to reduce educational costs, as well as to allow the production of a larger number of professionals available faster. Thus, these new degrees have become very focused, while their scope has been greatly reduced. This new scenario has brought advantages and disadvantages, particularly in the case of engineering education [11] . For the specific case of buildings' design, this issue can be summarized as depicted in Figure 1 . As can be observed in the diagram, we have essentially three agents:
• the educational system; • the set of professionals;
• the building design.
The current methodology of the Higher Educational system is training Professionals with a high degree of specialization in a very limited area of knowledge, who have the skills to project a standard Building. Under this model, each professional is responsible only for a single layer in the global design. He does not think about any interaction. This strategy was successfully used until a relatively recent past, before which buildings were essentially systems resulting from the aggregation of smaller projects with very low interdependence between the said aggregates.
Figure 1. Traditional interaction between Educational system, Professionals and Building design
This educational strategy makes it possible to keep technological and educational development processes closer to each other [12] since the narrower the scope, the easier it is to achieve a higher level of knowledge. On the other hand, the aforementioned strategy has several disadvantages, such as the reduction of skills in terms of abstraction to deal with more realistic and complex models, the lack of ability to deal with multidisciplinary problems [13] or even the ability to generalize, i.e., the ability to associate the structure of several systems. This latter skill assumes special importance in engineering programs given the fact that solutions to modern problems are multidisciplinary.
SUSTAINABILITY DESIGN IN HIGHER EDUCATION
The teaching / learning concepts of Control Systems Engineering are of particular importance because they are the basis of the development and application of systems that are intended to be increasingly sustainable. The most quoted definition of sustainability refers:
"…development that meets the needs of the present without compromising the ability of future generations to meet their own needs." [14] A more direct, technical interpretation for Systems Engineering may be as follows:
"A sustainable system is one that consumes the resources strictly necessary to obtain the desired effect." [1] It should be noted that this new definition highlights two main factors. On the one hand, it is sufficiently broad to be applied to any system, be it a building system, biological system, educational system, health system and even home appliances. On the other hand, it shows the need for optimization. The optimization of a variable in a system implies that it is controlled. In turn, said control leads to the development of closed-loop mechanisms that Therefore, automatic control is on the basis of sustainability because it allows optimization of the system's consumption. This is a particularly important issue in the European Union (EU), since the sustainability-related objectives of each country are systematically revised, being more demanding. A very visible part of this effort was placed on cars that now exhibit a good performance along with very low pollution rates. However, these results were only possible through the massive use of sensors, actuators, shared information, and computation. These are highly multidisciplinary systems that include mechanics, electricity, electronics, chemistry, computers, among others. As an example, older cars have no electronic control units or lines of code, but now even low-end cars can include 30 to 50 microprocessors governing windows, doors, the dashboard, seats, and so on, in addition to the powertrain and vehicle dynamics. Luxury cars can have more than 70 and as many as 100 microprocessors. Analysts seem to agree that a modern premium-class car probably contains close to 100 million lines of software code [15] .
The next trend will cover buildings, as they account for about 49% of the world's energy consumption. Away from the ideal situations of the past, the so-called Zero net Energy Building (ZEB) and Nearly Zero net Energy Building (NZEB) are real demonstrations of this. Recent legislation imposes ever more demanding rules on the performance level of new constructions to be built. As with cars, the new buildings will be multidisciplinary and very complex systems.
As said, in the past, these building's projects were done using independent layers: electricity, water, telephones, alarm, central heating, etc. This methodology of design is no longer suitable for the design of high-performance buildings, where the various layers need to be integrated into a global state observation and control platform, using an Input/Output Communication Infrastructure. To do this, and as previously mentioned, we must use the resources strictly necessary to obtain a desired effect. Take lighting as an example. For proper lighting, closed-loop control of this variable is required, i.e. closed-loop (mathematical) concepts are required. It is also necessary to control power (Power + Power Electronics Systems). Thus, the bulbs will provide the exact amount of light to compensate for the one that is not provided naturally. A more complex system would involve controlling room's blinds, further increasing the complexity and multidisciplinary requirements of the system. Air renewal control would measure indoor air quality (chemical / environmental / mechanical engineering) and renew air as needed (HAVACmechanical engineering). Inner (winter) and outer (summer) blinds can be provided according to the thermal (mechanical) requirements. The central heating should be used in each room according to the specific needs of each location. Each room must have a controller that depends on the room's use and should identify the presence of users. Infrastructures necessary for monitoring and observing the status of each parameter should be provided (civil / informatics / other engineering). The whole system is interconnected by an information network (computer science). The entire system should have a management component (industrial management and engineering). Figure 2 depicts the actual scenario for modern building design.
Again, we have the Educational system, a set of Professionals and a Building global design.
Figure 2. New relation between Educational System, Professionals and Building design
The Building results now from a Global Design that is composed by a set of independent designs that should respond to any requirement imposed by each Professional through a Design Interaction Infrastructure. We have now an I/O Communication Infrastructure across all designs that allows to monitor and control a huge set of parameters. Therefore, we have two important communication infrastructures; one provides shared information among professionals and another that provides shared information of building data. Moreover, we have now a new class of specialists on ZEB arena that we call NZEB Engineers. At a methodological level, we can now perceive that:
• All the subsets of designs are interconnected by an I/O Communication Infrastructure; • A new class of professionals (NZEB Engineers) is needed; • All professionals must develop their work in a collaborative and multidisciplinary way, with very high level of interaction.
NZEB professionals are now starting to be available through an offer from some universities under MSc degree. The work in a collaborative and multidisciplinary training method is the most important aspect of this new way of designing buildings since it is disruptive to traditional methodology. In fact, in addition to the laboratories oriented to the practice of a specific area of knowledge, it is increasingly important that institutions of Higher Education also have laboratories for the practice of collaborative and multidisciplinary work. It is in these new laboratories that future professionals learn that their project is a part of a global project. As such, Higher Education institutions must adapt to this new real world, by presenting the latest technological advances and including spaces for the integrated NZEBs project, so that this new reality is also covered. If this is not done, Higher Education is seriously at risk of not fulfilling its main mission. There have been some breakthroughs but not all respond to the latest requests. In the Western Balkan Six 2017 monitoring report [18] it was stated there is an urgent demand for more post-graduate trained staff, specialized in renewable energy technologies and energy efficiency. It was also stated that it is important to improve current collaboration with leading EU countries to develop Master and PhD programmes, professional training and laboratories with the aim to prepare a new generation of skilled experts in these sectors. Kamp [19] summarized what trends in engineering Deans in Europe care about most as follows: (1) crossing disciplinary boundaries; (2) societal impact instead of individual achievements; (3) T-shaped professionals; (4) interdisciplinarity; (5) different engineering profiles; (6) students as change agents; (7) integration of skills in disciplinary curricula; (8) makerspaces societal and industrial engagement.
We can identify two main approaches available to a Higher Education institution for dealing with this issue, a conservative and a disruptive.
The conservative approach aims to develop methodologies that reeducate the old school of professionals in order to begin working as members of a team. This same approach is currently used to educate the new class of professionals, i.e., there are some courses that are in fact a kind of mixture of courses, which include subjects from several departments. As advantages of this approach, we can point out that it is cheaper, easy and quick to implement.
The disruptive approach includes the development of an appropriate environment for training the new class of professionals. This means we should have in the school the same environment that the new-graduation students will face in their professional life. This means that it is important to create spaces in the university where new students, i.e., next generation of professionals, can develop their work naturally as team members (including laboratories) to practice the development of a building as we presented in Figure 2 . As main advantage from this approach, we can point out the high quality of new graduates.
Regarding the conservative approach, Brunsgaard and collaborators [20] produced a study about the implementation of the Energy Performance of Buildings Directive (EPBD) across several countries in the EU. This study shows the need of more integrated and cross-disciplinary approaches to building design through state-of-the-art building sector and educational institutions. Several approaches were taken for post-graduate students in order to fulfil these needs using this conservative approach [21] .
In regards to the disruptive approach, we can perceive that very little work was done up to date. In fact, and according to Mlecnik [22] , the primary critique from various members at PassiefhuisPlatform is that many education arenas and universities have yet to integrate the available innovations into their curricula. At an engineering level, as said, one of the most important training space is the so called laboratory. It is thus important to have laboratories able to properly support the training of students on how to design a NZEB.
Unfortunately, this approach is much too novel and it becomes difficult to find similar examples. In our research, we found examples of laboratory buildings designed using the latest technology [23, 24] but none aimed to be a space for practicing and researching engineering solutions in a didactic way.
It is to fulfill this gap that the Zero Energy Laboratory (ZELab) is being developed, a project that integrates all aspects of teaching at the ISEP (School of Engineering of Porto). Its sole objective is to provide a space dedicated to projects that aim to stimulate the development of a sustainable attitude in the future professionals of the various scientific fields of Engineering. The conception of this new space must be integrative to the school community from its embryonic stage, reason why from the beginning one should count on the collaboration of students [25] . Some of the characteristics of this innovative laboratory are summarized in Table 1 .
The preliminary proposal of such an integrative laboratory is shown in Figure 3 . This proposal is meant to be modular so as to facilitate its growth and the implementation of state-of-the-art solutions.
The eastern wall, because it is facing an existing building, and for whose users it is also intended to minimize the visual impact, should constitute a green wall/cover, which extends to the roof plate of ZELab. This green wall/cover will also add permeability to the construction site, and act as thermal insulator/regulator. The western and south walls are specially designed to accommodate modular photobioreactors instead of simple windows. They will act as thermal insulation elements, as well as aesthetic elements, dynamic due to the natural evolution of the microalgae population. The microalgae will perform CO2 abatement and, in the end of life cycle, can be collected and converted into energy, biofuels, and/or other valuable products. Concerning lighting, the use of natural lighting devices (e.g. light tubes), eco-efficient lighting and intelligent lighting will also be favored. The roof should be conceived as to also be used as a solar energy collection space.
As the air conditioning of buildings is one of their largest energy consuming components, the priority will be given to natural air conditioning systems, followed by efficient and intelligent air conditioning, against the usual centralized air conditioning systems. Special attention will be paid to the internal allocation of spaces to specific activities, so that energy is consumed in a more effective way. For instance, refrigerating and other machinery that releases heat should be located outside the rooms that require controlled temperature, in order to minimize the energy costs of air conditioning.
Renewable energy from the sun must be injected into the internal electric grid and excess production stored in batteries. In order to supply the insufficiency of solar energy, the ZELab must be equipped with a biomass and / or biogas / biodiesel boiler.
Rainwater must be collected, treated and stored for sanitary use and / or irrigation of the green cover.
The electrical and data network installation must be flexible and allow evolution, with versatile technical rails.
The integration of these energy sources, data and water systems must be done through an intelligent network. This network will also be responsible for monitoring the entire building with regard to users and spaces in use, thus guarantying limited access to spaces, limiting the availability of energy to the essential elements, reducing energy losses and inefficiency.
CONCLUSIONS
Buildings that meet the latest standards are highly efficient, highly complex and multidisciplinary systems. Higher Education needs to have laboratories to support teaching of these subjects, and to allow for easy interaction with the surrounding community. The narrowing of the range of skills attributed to students in the various engineering scientific areas resulting from the curricular changes introduced by the reforms performed subsequently to the Bologna agreement can be minimized through collaborative work in a multidisciplinary laboratory environment. This paper framed and briefly presented the development methodology and fundamental characteristics of a Zero Energy Laboratory (ZELab) to support teaching, learning and research in the NZEB area.
